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SUMMARY 
The present design of an Anchor Handling Tug Supply Vessel is greatly influenced by the operational requirements 
and the environmental conditions of the area of operation. This article looks at how the functional specifications and 
requirements of an Anchor Handling Tug Supply Vessel (AHTSV) affect its design, as well as the principal design 
drivers such as the area of operations, construction and operating costs, oil price and charter hire. An economic 
analysis based on pre-offshore crisis conditions is performed, and it is then re-evaluated taking into account the 
current offshore crisis. The article then compares the designs of the AHTSV based on two different areas of 
operations, namely Norway and Indonesia. Several possible design solution concepts are then derived for these two 
areas of operations.  
1. INTRODUCTION 
The global offshore oil and gas industry started a few 
years after the Second World War when the first mobile 
rig drilled an offshore oil well in about 4.5 metres (15 
feet) water depth in the Gulf of Mexico off the US state 
of Louisiana (Offshore, 2007). Since then, the industry 
has come a long way, with offshore rigs currently 
drilling in the ultra-deep waters in the Brazilian pre-salt 
with depths up to 3,000 metres (Vidal et al., 2015). 
Offshore rigs such as fixed platforms, jack-ups, FPSOs 
and floaters are supported by specialised and 
customised vessels known as offshore support vessels 
(OSVs). OSVs provide support to the rigs in the form of 
towing, anchor handling, supplying of cargoes and 
stores, external fire-fighting, oil recovery, carrying and 
transferring personnel in limited number and other 
activities. There are various types of OSVs in the 
market, e.g. the anchor handling tug supply vessels 
(AHTSVs), platform supply vessels (PSVs), diving 
support vessels (DSVs), accommodation barges etc. In 
this article, only the AHTSVs are considered.  
An AHTSV is mainly built to tow a rig to an offshore 
location; once at the site, help to lay the rig’s anchors; 
and when the rig has finished drilling, the AHTSV will 
contribute to retrieve the anchors and tow it to another 
location. It is now common to find also AHTSVs 
performing the role of fire-fighting, rescue and even 
transporting supplies to and from the rigs. It is a multi-
functional vessel and is a workhorse of the global 
offshore oil and gas industry. 
The principal aim of this article is to compare the 
designs of the AHTSV based on two different areas of 
operations, namely Norway and Indonesia. The 
functional requirements that are relevant to the design 
of an AHTSV will be covered in the next section. 
2. FUNCTIONAL REQUIREMENTS 
The functional requirements for a modern AHTSV 
include towing, anchor handling and supply functions. 
These functions would be dependent on the vessel’s 
bollard pull, its propulsion plant (main engines), 
anchor handling and towing winch, deck area 
including deck cargo loading capacity and storage 
pattern and stability.  
2.1 BOLLARD PULL IN TONNES 
Bollard pull is a conventional measure of the pulling or 
towing power of a tugboat and is one of a tugboat’s 
primary design requirements. It is closely related to the 
Brake Horse Power (BHP) of the vessel.  For example, 
the Bollard Pull (Tonnes) of a Tug with Twin screws in 
nozzles = f x (BHP/ 100) where f = 1.4 to 1.6 
(Birmingham, 2015). It is common to find a new AHTSV 
fitted with twin controllable pitch propellers (CPP) in 
propeller nozzles as these improve the thrust of the 
propellers while the CPP provides variable propulsion 
power conditions regarding speed, bollard pull, and 
manoeuvrability. 
2.2 TOTAL BRAKE HORSEPOWER (BHP) OF 
MAIN ENGINES 
AHTSVs built in the ‘80s were mostly around 4,000 
BHP and supported jack-up rigs drilling in shallow 
waters below 100 metres (approx. 330 feet). However as 
drilling moves to deeper water, and semi-submersible 
(semi-sub) rigs replace jack-up rigs and drill ships in 
harsh environments; the BHP of the AHTSV required to 
support the semi-subs has also increased to 8,000 BHP 
and more. It is because the semi-sub uses more massive 
anchor chains and anchors for its mooring system and 
hence requires an AHTSV with higher BHP/bollard pull 
for anchor handling and towing compared to the cable 
mooring system of a jack-up. 
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2.3 ANCHOR HANDLING AND TOWING (AHT) 
WINCH EQUIPMENT 
Under the IMO Guidelines, the towing winch brakes 
should have an appropriate static holding capacity to 
that of the documented minimum breaking load 
(MBL) of the largest towline to be used. The minimum 
documented breaking load (MBL) of the main towline 
is 2.0 times the Bollard Pull (B.P.) for B.P. greater 
than 90 tonnes (IMO, 1998).  
According to Bjørhovde & Aasen (2012), the winch 
packages for AHTSVs are large and heavy constructions 
with a weight that varies from 150 to 900 tonnes 
depending on types (single drum, double drums and 
triple drums) and may represent as much as 15% of the 
lightship weight of the vessel. It could influence the 
Vertical Centre of Gravity (VCG) and thereby the 
stability of the vessel. Miscalculation of the weight of the 
AHT winch equipment seems to be a very widespread 
error (Bjørhovde & Aasen, 2012). 
2.4 DECK AREA AND DECK CARGO 
For smaller AHTSVs, the deck area and deck cargo 
loading capacity are comparatively smaller (300 – 450 
m
2
 and 500 - 700 tonnes) as the vertical moment of deck 
cargo and deck cargo loading capacity are also related to 
stability under certain loading conditions. For bigger 
AHTSVs, the deck areas are much larger (700 - 900m
2
 
and 1200 - 1500 tonnes) which are capable of having 
higher vertical moments tagged to stability. 
2.5 STABILITY 
The stability of a new AHTSV is based on the Intact 
Stability Code 2008 (2008 IS Code) adopted by the IMO 
on 4 December 2008 (IMO, 2008). One of the 
requirements of 2008 IS Code stipulates that a minimum 
freeboard at the stern of at least 0.005L should be 
maintained in all operating conditions. It would work out 
to 0.35m for a 70m AHTSV.  Another requirement is that 
the initial transverse metacentric height (GM) should not 
be less than 0.15m in 2008 IS Code.  
An example of stability problem with AHTSVs was the 
Bourbon Dolphin which capsized on 12 April 2007 with 
most of its crew perished. One of the findings was that 
the vessel’s GM was reduced by 0.29m. It was because 
the KG (the vertical distance from the keel to the centre 
of gravity) was initially calculated to be 7.17m but 
during the inclining experiment was found to be 7.43m. 
The reason for the higher KG in the lightship condition 
was reportedly due to reduced weight control of parts 
during her construction. The vessel was initially designed 
to be 2,810 tonnes but was found to have a lightship 
displacement of 3,202 tonnes (Steamship, 2008). 
There are other functional requirements for an AHTSV 
such as fire-fighting, carrying out rescue and recovery of 
oil but these can be considered as secondary functional 
requirements compared to its primary functions, which 
are anchor-handling, towing, and supply capabilities. As 
already discussed, these core functions would depend on 
the vessel’s bollard pull, the BHP of its main engines, 
AHT winch, deck area, cargo loading capacity and 
stability. The principal drivers relevant in the design of 
an AHTSV for two contrasting economic environments 
would be examined in the next section. 
3. PRINCIPAL DESIGN DRIVERS 
3.1 AREA OF OPERATIONS 
One of the principal design drivers of an AHTSV would 
be the geographical area of operations. It will include the 
water depth where the rig will be operating as it will 
decide the type of rig (a jack-up or a semi-submersible) 
that the vessel will be supporting, the sea conditions, and 
the water depth of the supply base, from where the vessel 
will be operating. For example, in the Brazilian waters, 
the water depth in the offshore fields may vary from 200 
to 3,000m, while the North Sea reaches almost 700m, but 
with much harsher sea conditions during the winter 
season (Vidal et al., 2015).  
Two countries (Norway and Indonesia) will be used to 
compare how geographical areas of operations can affect 
the design of an AHTSV. 
3.1 (a) Norway 
The history of the offshore oil and gas industry and its 
related offshore shipping companies in Norway is 
relatively short. When the first oil installations appeared 
on the Norwegian Continental Shelf in the 1970s, 
converted fishing vessels were used to provide supply 
services. However, in more than four decades, the 
Norwegian offshore shipping companies have grown to 
become world leaders with the world’s most modern and 
second most significant fleet. This development has also 
helped in the growth of Norwegian marine equipment 
suppliers, shipbuilders and ship designers such as Ulstein 
(N.S.A., 2012). 
The water depths of Norwegian offshore fields vary from 
below 100 metres (example Embla Field) in the North 
Sea to more than 1,000 metres (example Ormen Lange) 
in the Norwegian Sea (NPD, 2013). Hence, bigger and 
more powerful AHTSVs are typically employed to 
support the semi-submersible floater rigs working there. 
3.1 (b) Indonesia 
Oil and gas exploration and production (E & P) in 
offshore Indonesia is mostly carried out in Western 
Indonesia in provinces such as Central Sumatra and East 
Kalimantan (PWC, 2012). The water depths in the 
offshore fields of the Natuna Sea in Central Sumatra are 
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shallow (100 metres and below), and the water depth of 
offshore fields such as Peciko in East Kalimantan is 
around 60 metres (Total, 2012). In recent years, 
exploration in the deeper water (up 1,000 metres) in the 
Kutei Basin and the Makassar Strait has also discovered 
oil and gas deposits (Offshore-Mag, 2013). 
While E & P may be moving towards deeper water in 
offshore Indonesia but most of such activities are still 
taking place in shallow water (100 metres and below) 
and relatively calmer sea conditions using jack-up rigs. 
The water depth of the cargo pier at the port of 
Balikpapan in Kalimantan, Indonesia is also between 6.4 
- 7.6m which means that a bigger and more powerful 
AHTSV will be restricted from berthing alongside 
because of its operating draft. Hence, the majority of the 
AHTSV that are employed there to support the jack-up 
rigs are in the 5,000 BHP category. 
Non-Indonesian flagged vessels are also prohibited from 
carrying passengers and/or goods between island or ports 
in Indonesian waters (Clyde, 2015). The Indonesian 
government applied this cabotage principle to offshore 
support vessels in 2014, and it has helped the local 
Indonesian ship owners to grow their fleet. A check on 
the website of PT Wintermar, a local owner with a fleet 
of more than 70 OSVs and listed on the Indonesian Stock 
Exchange, showed that it started its fleet expansion in 
2007 and had in recent years also gone into joint ventures 
with offshore shipping companies. They have six new 
AHTSVs listed on their website of which, four are 8,000 
BHP, and the remaining two vessels are 5,000 BHP 
(Wintermar, 2015). 
3.2 COSTS OF CONSTRUCTING AND 
OPERATING AN AHTSV 
There are two costs that an owner must consider before 
constructing an AHTSV. The first is the construction cost 
and second is the operating cost. Both types of cost can 
affect and be affected by the design of the vessel. 
3.2 (a)  Construction / Capital Costs 
These would depend on various factors such as: 
i) Place of construction – country of the shipyard
building the vessel.
ii) Size/BHP of the vessel – Principal dimensions,
deadweight, BHP of Main Engines, deck space, steel
mass required, etc.
iii) Design Configuration – Type of engine (medium
speed or high speed), type of propulsion (twin fixed
pitch or controllable pitch propellers in nozzles or
azimuthing thrusters), equipment on board (double
or triple drum AHT winch, etc.).
iv) Number of sister vessels contracted – bulk discount
given by shipyard
In their article, Kaiser & Snyder (2013) compared some 
of the construction costs of AHTSVs contracted between 
2006 and 2008 (See Table 1). The same vessel design 
(VS 491 CD) can cost from US$85 million to US$95 
million. The difference of US$10 million would most 
likely be because of the place of construction (Norway 
versus Indonesia) and also the equipment fitted on board 
(Kaiser & Snyder, 2013). 
Although the construction cost of a 5,000 BHP AHTSV is 
not available in the above table, a generic five-year-old 
5,000 BHP AHTSV would have been valued at about 
US$14 million in September 2013 before the offshore crisis 
started. The value of a similar 5-year-old vessel was valued 
at around US$3.5 million in November 2017, an impairment 
of almost 75% of the asset value (Griggs, 2017b).  
Table 1. Some of the construction costs of AHTSVs 
contracted between 2006 and 2008 Source: Kaiser and 
Snyder (2013) 
3.2 (b) Operating Costs 
These would depend mostly on the following: 
i) Crewing Cost (Pre-Offshore Crisis)
The average daily crewing cost in Norway is around 
US$9,000 (Vikenes & Johannessen, 2014) while the 
average daily crewing cost in Indonesia is estimated to be 
US$1,600 (Deloitte, 2011) or even lower. As the crewing 
cost in Norway is high and could work out to be the same 
as the construction costs over the 25-year operating 
lifespan of the vessel, the owner would be looking at 
automation and technology to reduce manning to the 
minimum levels approved by the flag state. Such 
automation could include Unmanned Machinery Space 
(UMS) class notation.  
ii) Fuel (Bunker) Consumption
Although bunkers are usually provided by the Charterers 
during the period charter of an AHTSV, however, the 
owner would still need to consider bunker consumption 
of the vessel carefully because during times of non-
charter; in between charters; and mobilisation for a 
charter; the owners will be paying for the cost of 
bunkers. Furthermore, charterers are increasingly looking 
at the bunker consumption of the vessel besides the 
charter hire, when considering which vessel to charter. 
Hence, the owner has to consider during the design stage, 
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the type of engine such as high speed or medium speed 
diesel as well as the number (two or four) to be fitted. 
Another alternative could also be the diesel-electric 
system, but the capital cost would be higher. 
 
iii) Maintenance Costs 
 
High-speed marine diesel engines, which are typically 
used as the primary drivers of an AHTSV are lower in 
cost for maintenance and spares. On the other hand, 
medium-speed marine diesel engines are more durable. 
Also, its specific fuel oil consumption (SFOC) can be up 
to 23% lower than high-speed marine diesel engines 
(Kristensen, 2012). Therefore, as mentioned above, the 
owner has also to consider these factors during the design 
stage, whether to go for lower maintenance costs but 
perhaps less durable and higher fuel consuming high-
speed engines or higher maintenance costs but possibly 
more sustainable and lower fuel consuming medium 
speed engines.  
 
3.3 OIL PRICE AND CHARTER HIRE 
 
The price of crude oil has a substantial effect on the oil 
companies’ E & P budgets. Oil companies will reduce 
their annual capital expenditure (Capex) and exploration 
budgets when the price of crude oil falls and is expected 
to remain at a relatively low cost. For example, Brent 
crude oil price fell from more than US$100 per barrel in 
August 2014 to below US$50 per barrel in January 2015. 
It dropped further to about US$30 per barrel in February 
2016 before rebounding to close to US$70 per barrel in 
January 2018 (see Figure 1) (EIA, 2015).  
 
Total presented a 2015 budget in February with a 
reduction of about US$3.2 billion in Capex and 
exploration (Total, 2015). It had affected deep water 
exploration and also production in existing fields and 
resulted in the reduction of a number of rigs and OSVs 
hired. OSVs on hire were also forced to take a charter 
hire reduction or had their charter terminated earlier. An 
oversupply of AHTSVs due to out of work vessels and 
reduced charter hire had also led to the cancellation of 
new constructions. Even though oil price has recovered 
from US$30 to US$70 per barrel and oil companies are 
likely to increase their exploration and production 
budgets, but the offshore shipping companies’ fleet 
utilisation rates will remain low because of the 
oversupply of AHTSVs. This situation is made worse by 
an estimated 200 newbuild OSVs ready to be delivered 
from Chinese shipyards as of November 2017 (Griggs, 
2017a). These new builds have been abandoned by 
offshore shipping companies that ordered them earlier or 
were built on speculation by the Chinese shipyards. 
 
In contrast, offshore shipping companies such as 
Norway based Farstad Shipping did very well at the end 
of their 2007 financial year when oil price was moving 
from around US$50 per barrel in January 2007 to 
US$100 per barrel in December 2007. They were 
achieving 94% average utilisation rate and revenues of 
NOK 735 million (approx. US$131 million) for their 
North Sea fleet and had 13 vessels in the order book at 
the end of 2006 to be built and delivered (Farstad, 
2008). One such vessel was the Far Sapphire (see 
Figure 2) (Creative Commons, 2015). 
 
 
Figure 1: Brent Crude Oil Prices Source: EIA (2015) 
 
 
 
Figure 2: Far Sapphire UT 732 CD AHTSV Source: 
Creative Commons (2015) 
 
 
3.4 ECONOMIC ANALYSIS 
 
The decision on whether to proceed to build a vessel will 
depend not only on the construction cost but also on the 
expected returns on the investment. The owner can use a 
simple capital budgeting tool such as payback period or a 
more sophisticated one such as Net Present Value, which 
takes into account the discounted cash inflows due to the 
cost of capital (the interest rate the bank charges for loan). 
 
For a simple illustration, the payback period method and 
Farstad’s UT 712 (14,700 BHP AHTSV) new 
construction in 2007 which cost US$63 million (see table 
above) will be used. The average utilisation and charter 
rates of the vessel, as well as the total operating 
expenses, are not known, but the following assumptions 
are made: 
 
a) Crewing costs = US$9,000 per day which is around 
65% of the total operating cost according to Vikenes 
and Johannessen (Vikenes & Johannessen, 2014) 
b) Other (technical, insurance, etc.) operating costs = 
US$4,800 per day which is around 35% of the total 
operating cost 
c) Overheads such as office staff salaries and other 
administrative expenses as well as dry-docking costs 
(once every 2.5 years) are not taken into account 
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d) Expected Payback Period = Assuming 20 years (Pre-
offshore crisis) as the owner would probably want to
achieve quicker breakeven although the usual
economic lifespan of the vessel is 25 years
Given that Payback Period 
= Cost of Vessel / Annual Net Cash Inflows, then 
Annual Net Cash Inflows 
= Cost of Vessel / Payback Period 
= US$63 million / 20 years 
= US$3.15 million 
The total average operating cost per day is US$13,800 
(US$9,000 + US$4,800), hence the annual total operating 
cost = US$5 million (approximately). 
It means that annual charter hire must at least be 
US$3.15 million (net cash inflow) + US$5 million (total 
operating cost) = US$8.15 million (this is based on 100% 
utilisation rate) to break-even. It would work out to a 
daily charter rate of approximately US$22,000. Such a 
rate is very much attainable, especially in the North Sea 
during 2007 and it could even be considered low as 
North Sea rivals such as Viking Supply was getting an 
average daily charter rate of US$58,000 only just a few 
years ago (Viking, 2013). However, with the fall of oil 
price in 2014, charter rates in the North Sea for AHTSVs 
have dropped by almost 60% in January 2015 compared 
to a year ago (Seabrokers, 2015). Such rates had hardly 
recovered even after 3 years since the onset of the 
offshore crisis.     
As can be seen from the above illustration, the 
economic analysis plays an important role when an 
owner is deciding on whether to proceed with new 
construction and at what cost that will allow the vessel 
to break-even in the shortest period. As mentioned 
earlier, construction cost will significantly affect the 
design of the vessel. When times are good, owners of 
AHTSVs are willing to spend on the top of the range 
design and equipment to stand out against competitors, 
but when times are bad like now, most owners of 
AHTSVs are fighting for survival and unlikely thinking 
of building new vessels.  
3.5 DESIGN ENVIRONMENT AND 
PROCEDURES 
Based on what has been discussed till now, Figure 3 
shows the inter-relationship between the environmental 
factors (external and internal) and the design of an 
AHTSV. 
As seen from Figure 3, many factors can affect the 
design of an AHTSV similar to the multi-criterion design 
optimisation decision-making of a bulk carrier proposed 
by Parsons and Scott (Parsons & Scott, 2004). There are 
also multiple conflicting criteria in the design of an 
AHTSV such as the minimisation of lightship weight 
versus maximisation of bollard pull, for example, and the 
ship designer has to come up with the best-optimised 
design based on such criteria. 
Vidal et al. (2015) have developed a parametric model 
for operability of offshore support vessels via 
configuration-based design, and this could be useful for 
the designer. However, one of their derived designs from 
this model is a PSV operating in Brazil with a bollard 
pull of 105 tonnes, which is most unusual as PSVs do not 
have a towing winch (Vidal et al., 2015). 
In the opinion of the authors, the primary design driver 
would be vessel cost. The vessel cost would be related 
to the intended BHP and bollard pull of the AHTSV. 
The bollard pull of the AHTSV would be linked to the 
area of operations (e.g. Norway or Indonesia). Hence 
the bollard pull would be the most critical design 
requirement and would carry more weight if a multi-
criterion design optimisation based on the model of 
Parsons and Scott were to be used. Several possible 
solution concepts that would be appropriate for each of 
these two economic environments/areas of operations 
(Norway and Indonesia) are derived in Section 4. 
4. POSSIBLE SOLUTION CONCEPTS 
All three of the designs (original, adaptive, and variant) 
can be found in the marine and offshore industry 
throughout history.  
4.1 ORIGINAL DESIGN 
The original design concept would be more 
appropriate for a developed economy such as Norway 
if the current offshore crisis is not considered. In the 
recent years, there have been quite some innovative 
ship designs coming out from countries in Western 
Europe, such as Norway and Netherlands. For 
example, the X-Bow ship design was developed by 
Norwegian company Ulstein, as an AHTSV (Bourbon 
Orca) for Bourbon Offshore Norway (See Figure 4) 
(Creative Commons, 2012). Ulstein has since adopted 
this design for PSV, Seismic, and Offshore 
Construction Vessel (OCV). Ulstein claimed that the 
backwards-sloping bow had been optimised to (or 
“intending to”) high speeds, low resistance and 
reduced fuel consumption as well as the elimination of 
slamming and bow impact. Reasons, why the original 
design concept is appropriate for Norway, are because: 
1) Increasing deeper waters and very rough weather for
AHTSV operations in the North Sea and the
Norwegian Sea will require more innovative designs
for larger AHTSVs with better seakeeping capability
and bigger bollard pull to handle semi-subs.
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Figure 4: Bourbon Orca AHTSV Source: Creative 
Commons (2012)  
2) Lower pollutant emissions in Emission Control
Areas such as the North Sea means the need to have
more innovative and cleaner designs using the
diesel-electric or hybrid system to meet the stringent
requirements.
Future designs are likely to look at the hybrid diesel 
generator-fuel cell power plant for lower pollutant 
emissions (Diaz-de-Baldasano et al., 2014). 
4.2 ADAPTIVE OR VARIANT DESIGN 
For a developing economy such as Indonesia which has a 
strict cabotage policy forbidding foreign offshore 
shipping companies to work there, the more appropriate 
design concept would be either an adaptive or variant 
design. Reasons, why the adaptive or variant design 
concept is suitable for Indonesia, are because: 
1) AHTSV operations are still in relatively shallow
waters, even though exploration has started to move
to deeper waters. However, the weather patterns in
Indonesia are still not as rough as the North Sea.
2) Original design AHTSV would cost more to build as
there is a higher price to pay for innovation.
Offshore shipping companies in Indonesia are still
relatively small players, and even the bigger ones
that are listed on the country’s stock exchange are
nowhere in the league of Norwegian offshore
shipping companies.
Figure 3: Inter-relationship between the environmental factors (external and internal) and the design of an AHTSV 
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3) Indonesian offshore shipping companies are likely to
go for the “commodity design” AHTSV 5150 BHP
that have been built in significant numbers in
Chinese shipyards as shown in Figure 5. The design
of such vessels has been adapted from an older
AHTSV design with minor changes and cost around
US$12 million before the offshore crisis. But with a
significant oversupply in the Chinese shipyards due
to the speculative building, these shipyards have
halved the price as they are being forced by banks to
pay back for the financing of construction of such
vessels (Griggs, 2017a).
Figure 5: Typical 5150 BHP AHTS Vessel 
5. CONCLUSIONS 
This article has shown how the design of an AHTSV 
would differ in two distinct geographical and economic 
environments. For the developed economy, an original 
design is proposed to be more appropriate for the reasons 
given in section 4, while for the developing economy, the 
variant or adaptive design is the most suitable design 
concept proposed with reasons are also presented in 
Section 4. 
Besides the economic environment, it has also looked at 
other external as well as internal environmental factors 
which would influence the design. As mentioned earlier, 
this article aims to compare the designs of the AHTSV 
based on two different areas of operations, namely 
Indonesia and Norway. It is the opinion of the authors 
that the aim has been met as can be seen from the 
industry examples and references given, as well as the 
diagram shown in Figure 3, which has been developed 
based on the authors’ understanding of the complex 
design decision criteria. 
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